Among the grain legumes, dry pea (Pisum sativum subsp. sativum) ranks first in production in Europe and second in the world (FAOSTAT data, 2005) . Pea powdery mildew, caused by Erysiphe pisi, is an air-borne disease with a worldwide distribution, being particularly important under climatic conditions characterized by warm dry days and cool nights (Smith et al. 1996) . The disease can cause 25-50% yield losses (Munjal et al. 1963 , Warkentin et al. 1996 , reducing the total biomass yield, number of pods per plant, number of seeds per pod, plant height and number of nodes (Gritton and Ebert 1975) .
The use of resistant varieties is the most efficient, economical and ecologically sound strategy for disease control. Although the cultivated pea germplasm has been extensively screened for resistance to powdery mildew, only two resistance genes, er1 and er2, have been identified so far (Heringa et al. 1969) . Generally, single gene-controlled resistances are ephemeral due to the rapid evolution of pathogen virulence. Particularly, pathogens such as the powdery mildew fungi show a high risk of resistance erosion due to the coexistence of sexual and asexual stages and their high dispersal capability (McDonald and Linde 2002) . Although races of E. pisi with specific virulence to the resistance genes of pea have not been described, breakdown of the resistance conferred by the genes er1 and er2 has been reported (Schroeder and Providenti 1965 , Tiwary et al. 1997a , 1997b . Therefore, new genes for resistance to E. pisi in pea should be identified for the control of this important disease.
In the absence of new genes for resistance to powdery mildew in cultivated pea, searches for resistance were expanded to include wild accessions belonging to the pea primary gene pool (P. sativum and all subspecies) and to the secondary pool (P. fulvum). The screening of a wide collection of wild Pisum species enabled to identify moderate levels of resistance to E. pisi in the P. sativum subspecies and a high level of resistance in P. fulvum (Fondevilla et al. 2007) .
P. fulvum originates in the eastern Mediterranean and Near East areas, where pea domestication took place (Clement et al. 2002) . This species is more resistant than P. sativum to several pea diseases and insect pests such a powdery mildew (Erysiphe pisi) (Fondevilla et al. 2007) broomrape (Orobanche crenata) , ascochyta blight (Mycosphaerella pinodes) (Fondevilla et al. 2005) and pea weevil (Bruchus pisorum) (Clement et al. 2002) . However, crosses between P. sativum and P. fulvum cannot be easily made. The cross-incompatibility has been attributed to chromosome structural differences (Ben-Ze'ev and Zohary 1973, Errico et al. 1991) and pollen-stigma incompatibility (Ochatt et al. 2004 ). Nevertheless, using P. fulvum as a male parent, we successfully obtained hybrid progenies between resistant P. fulvum accessions and cultivated pea, and currently this species is included in our breeding programs for resistance to broomrape and ascochyta blight. Similarly, other researchers have succeeded in crossing these two species using P. fulvum as pollen parent (Muehlbauer et al. 1994 , Worth 1998 , Ochatt et al. 2004 .
In the present investigation, the mode of inheritance of the P. fulvum resistance to E. pisi was studied by analysing a cross between a fertile resistant plant derived from an interspecific cross between P. fulvum and P. sativum, and the susceptible pea cv. 'Messire'.
Development of a population segregating for resistance to E. pisi and genetic analysis
The procedure used to obtain a population segregating for resistance to E. pisi is shown in Fig. 1 . The resistant P. fulvum line P660-4 (a selection from the ICARDA accession IFPI3261 originating from Idlib, Syria) was crossed with the susceptible P. sativum subsp. sativum cv. 'Messire'. At flowering, emasculation of cv. 'Messire' was performed prior to anther dehiscence, and pollination was carried out in the same day using freshly dehisced anthers from P660-4. The interspecific hybrids were, as expected, markedly sterile and yielded only a few plants which were successfully selfed and selected for resistance to powdery mildew. After another four cycles of self-pollination and selection for resistance to E. pisi and fertility in the field, we obtained plants that were resistant to E. pisi and highly fertile. To identify which of these plants were homozygous for resistance, they were selfed and the reaction to E. pisi was evaluated using 15 to 20 plants of each progeny. One plant (C2), obtained from a family in which segregation for resistance was not observed, and which was therefore considered to be homozygous for resistance, was selected and crossed again with the susceptible cv. 'Messire' (Fig. 1) . The resulting F 1 plant was selfed and the reaction to E. pisi was examined using 100 plants of the derived F 2 generation. In addition, each F 2 plant was selfed to obtain F 3 -derived families that were used to determine the genotype of each F 2 plant by analysing the segregation of the resistance using 15 to 20 plants of each F 3 family.
Disease assessment
Screenings of the progenies were conducted under controlled conditions using the detached leaf method. In all the cases, four plants of every parental line were included in the screenings as checks. Inoculations were performed with the E. pisi isolate CO-01. This isolate, avirulent in the presence of er1 and er2 genes, was obtained from a population collected from naturally infected pea plants in a field at Córdoba (Spain) in 2001 and maintained on the susceptible pea cv.
'Messire'. The fourth leaflets of plants at the fifth leaf stage were excised, carefully laid in Petri dishes containing a medium consisting of technical agar (4 g/l) and benzimidazole (62.5 mg/l) (Rubiales et al. 1993 ) and inoculated using a settling tower to obtain an inoculum density of about five conidia mm −2 . After inoculation, lids were fitted to the Petri dishes, which were placed in a growth chamber at 20 ± 0.5°C. Incubation was initiated under a 6 h light period (250 µmol m −2 sec −1 ), followed by cycles of 12 h darkness/12 h light. This detached leaf method was selected because it had been previously effective for the evaluation of the response to E. pisi in pea (Fondevilla et al. 2006 (Fondevilla et al. , 2007 and had enabled the inoculation of only one leaf of the plant, keeping the rest of the plant free from the disease.
Disease severity (DS) was evaluated ten days after inoculation by estimating visually the percentage of the leaf area covered by mycelium. Differences between resistant and susceptible plants were evident. Susceptible plants were completely covered with powdery mildew mycelium (100% DS), while no colonies were formed in the resistant plants (0% DS).
Inheritance of the resistance to E. pisi from P. fulvum
The F 2 generation derived from the cross between the line C2 (Fig. 1) and the susceptible cv. 'Messire' segregated into 72 resistant and 28 susceptible plants, with a good fit to the 3 : 1 ratio expected for a single gene inheritance (χ 2 = 0.48, 0.3 < p < 0.5) ( Table 1 ). In addition, the segregation analysis performed in the F 2 -derived F 3 families confirmed this ratio. Unfortunately, due to extreme weather conditions in the field, only 34 resistant and 14 susceptible plants, out of 100 F 2 plants, yielded a sufficient amount of F 3 seeds to determine the genotype of the corresponding F 2 with confidence (15 seeds). Of the 34 F 3 families derived from the resistant F 2 plants, 13 were resistant and 21 segregated for resistance, while all the 14 families derived from the susceptible F 2 plants were susceptible. The segregation ratio in the F 2 generation deduced from the progeny test (13 resistant homozygotes : 21 heterozygotes : 14 susceptible homozygotes) gave a good fit to the 1 : 2 : 1 ratio (χ 2 = 0.79, 0.5 < p < 0.7), reinforcing the hypothesis of the existence of a single gene controlling the resistance (Table 1) .
The results obtained revealed that a single dominant gene controlled the resistance of the P. fulvum line P660-4 to E. pisi. The resistance gene was tentatively designated as Er3.
Only two recessive genes for resistance to E. pisi, designated as er1 and er2, had been previously described in pea (Heringa et al. 1969) . Several evidences suggested that the gene Er3, present in P. fulvum, was different from the genes er1 and er2, identified in P. sativum. First, Er3 displayed a dominant nature, whereas er1 and er2 were recessive. Second, phenotypic expression of Er3 was also distinctive. While the resistance governed by er1 was based on a prepenetration barrier, that of er2 and Er3 was expressed as a post-penetration hypersensitive response. Moreover, the Fig. 1 . Procedure used to obtain a population segregating for resistance to E. pisi resistance conferred by er2 was only expressed at a high temperature (25°C), whereas the expression of Er3 was independent of the temperature (Fondevilla et al. 2006 (Fondevilla et al. , 2007 . However, previous attempts to cross the line P660-4 with pea lines carrying the genes er1 and er2 resulted in rather sterile F 1 plants. Therefore, inheritance studies to demonstrate that the new gene segregated independently of genes er1 and er2 could not be carried out. To verify whether this new dominant resistance in P. fulvum was controlled by a novel gene or only by a novel allele for either er1 or er2 genes, crosses between the line C2 (that harbours Er3) and the P. sativum lines JI2302 (carrying er1) and JI2480 (carrying er2) are in progress. If these crosses were to yield abundant F 2 populations, the test of allelism may enable to address the problem with confidence.
Regardless of the outcome, Er3 may broaden the pool of genes for resistance to E. pisi available to pea breeders, as the development of the line C2 indicates that introgression of Er3 into pea varieties is possible. This is important because the expansion of cultivation areas of pea varieties harbouring the same resistance gene could promote the occurrence of new races of the pathogen that would lead to a break down of the resistance.
In addition, the introgression of different genes for resistance to powdery mildew into the same variety could offer an effective strategy to enhance the durability of resistance to this disease. The pyramiding approach may provide multiple barriers to E. pisi development that would enable to retard or even overcome the common breakdown of the single gene-controlled resistances. However, the penetration resistance conferred by er1 hampers the detection of the post-penetration resistance controlled by er2 and Er3 in a hybrid progeny. The detection of these genes by molecular markers might enable to address this problem. RAPD, SCAR and microsatellite markers linked to the gene er1 have already been described (Timmerman et al. 1994 , Tiwari et al. 1998 , Janila and Sharma 2004 , Ek et al. 2005 . In addition, our group is currently carrying out the identification of molecular markers linked to Er3. 
